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Blinking is vital to maintain the integrity of the ocular surface and its charac-
teristics such as blink duration and speed can vary significantly, depending on
the health of the eyes. The blink is so rapid that special techniques are required
to characterize it. In this study, a high-speed camera was used to record and
characterize voluntary blinking. The blinking motion of 25 healthy volunteers
was recorded at 600 frames per second. Master curves for the palpebral aper-
ture and blinking speedwere constructed using palpebral aperture versus time
data taken from the high-speed camera recordings, which show that one blink
can be divided into four phases; closing, closed, early opening and late open-
ing. Analysis of data from the high-speed camera images was used to calculate
the palpebral aperture, peak blinking speed, average blinking speed and
duration of voluntary blinking and compare it with data generated by other
methods previously used to evaluate voluntary blinking. The advantages
of the high-speed camera method over the others are discussed, thereby
supporting the high potential usefulness of the method in clinical research.1. Introduction
A blink is defined as ‘a temporary closure of both eyes, involving movements of
the upper and lower eyelids’ [1]. Human adults blink approximately 12 times
per minute and one blink lasts about 1/3 s [2]. This natural eye motion is crucial
for maintaining the integrity of the ocular surface for the following reasons:
blinking (i) lubricates the eye by replenishing the precorneal tear-film, conse-
quently preventing the cornea from dryness and cleaning the corneal surface,
(ii) shields the eye from foreign objects such as dirt and dust as well as from
the continuous exposure of light, and (iii) relieves early fatigue by allowing
the ocular muscles in tension to be reorganized [1–3]. Three different forms
of blinking have been described [1]; (i) spontaneous blink, which occurs uncon-
sciously but periodically, (ii) voluntary blink, which occurs intentionally, and
(iii) reflex blink, which is triggered by sudden impulse, loud sound or strong
light. In this study, we consider voluntary blinks.
Blink characteristics, such as blink amplitude, duration and peak speed vary
significantly between healthy and unhealthy eyes [4–7], and hence, an accurate
and detailed analysis of a blink is important to detect debilitating conditions
early and subsequently provide appropriate treatments. A few methods have
been published as a way to investigate the rapid blink movements. The mag-
netic search coil technique involves taping a coil of copper or stainless steel
onto a subject’s upper eyelid then placing the subject in the centre of a weak
magnetic field [7–10]. The eyelid position is then monitored by the current gen-
erated by the coil in proportion to the angle of the coil relative to the magnetic
field, when the eyelid moves over the curved ocular surface. Other methods
include home video camera recording [5,6] and tracking the displacement of
a reflective marker taped onto a subject’s upper eyelid using infrared cameras
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Figure 1. (a) Scatter plot of the normalized palpebral aperture for all 25 volunteers studied. (b) Key frame images illustrating each phase (these are also available
on the electronic supplementary material, video). 1, 2, 3 and 4 refer to the closing phase, closed phase, early-opening phase, late-opening phase, respectively.
(Online version in colour.)
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study the rapid eye motion of the voluntary blink. While
most of the literature evaluates blink parameters such as
blink duration and speed up to the point when about 97 per
cent of the initial palpebral aperture is recovered; in this
study, these parameters were evaluated for one complete
blink, i.e. when the initial aperture was fully recovered. The
results were compared with other reported values, exploring
the potential use of the high-speed camera as an accurate and
reliable analysing method.2. Experimental details
Twenty-five healthy volunteers, including 11 males and
14 females participated in this study. Their age ranged from
25 to 63 with the mean of 35 years. Volunteers of oriental
origin were excluded from the study. As this was a pilot
study of 25 subjects, male and female volunteers were not con-
sidered separately. After informing the volunteers about the
general purpose of this study, they were comfortably seated
on a chair before a high-speed camera, one person at a time.
A PHANTOM (v. 7.3, Vision Research Ltd, UK) camera was
placed in front of the volunteers at their eye-level. The camera
was mounted with a Nikon 24–85 mm F2.8 macro zoom lensand had 800  600 pixel resolution. In order to induce blinking,
the volunteers were asked to blink as normal as possible after a
verbal command. The motion of two voluntary blinks was
recorded at a rate of 600 frames per second at 22.6+1.68C
and 28.3+2.2% humidity with natural light.
For each volunteer, the palpebral aperture, which is the
vertical distance between the central points of the upper
and lower eyelid margins, was measured every 5 ms of the
recorded videos, using PHANTOM CINE VIEWER v. 2.14 (Vision
Research software). The measurements started from 30 ms
prior to the start of a downward movement of the upper
eyelid and continued until the initial palpebral aperture
value was reached. The second recorded blink was used for
this analysis, considering the possibility that the volunteer
was more comfortable and relaxed after the first blink.
Since the initial palpebral aperture varied from one volunteer
to another the measured aperture values for each volun-
teer were normalized and all the normalized aperture values
for the 25 volunteers were averaged at each time point in
order to produce a master curve for the palpebral aperture.
For each volunteer, themeasured palpebral aperture values
were plotted as a function of time and the corresponding blink-
ing speed was determined by calculating the gradient on each
consecutive pair of aperture points. When all the blinking
speed values were determined for the 25 volunteers, they
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Figure 2. Master curve for (a) palpebral aperture and (b) blinking speed. (c) Box-plot of blinking duration for each phase and (d ) box-plot of blinking speed
for closing and opening phases. Each point on the curves represent mean+ s.d. and the diamond-shaped markers on the box-plots represent the mean
values. (Online version in colour.)
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curve for blinking speed. The peak speed was taken to be the
maximum speed calculated and the average speed was evalu-
ated bydividing the initial palpebral aperture value by the time
taken for closing the eye or opening the eye.3. Results and discussion
The palpebral aperture measurements ranged from 7.4 to
12.8 mm with a mean of 9.8+0.2 mm for all the 25 volun-
teers. These measurements agree well with Fox [11], who
studied the palpebral fissure on 1732 human subjects using
a millimetre-ruler and reported that the measurement
varied from 7 to 13 mm with 61.7 per cent of the subjects
having 9–10 mm aperture values.
All the normalized palpebral aperture values determined
from the key frames of high-speed camera videos are shown
in figure 1a. The aperture profile could be divided into
four phases; (i) closing, (ii) closed, (iii) early opening, and
(iv) late opening, depending on the action of the upper
eyelid. Some of key frame images of the videos are selected
to illustrate each phase (figure 1b). It is noteworthy that
others [12,13] divide voluntary blinking into three phases:
closing-phase, opening-phase and the inter-phase pause, i.e.
the time elapsing between the end of the closing phase and
the beginning of the opening phase. The inter-phase pause
is important in clinical conditions, such as Parkinson’s
disease and atypical Parkinsonism.
During voluntary blinking, all the 25 volunteers fully
closed their eyelids, thereby resulting in a brief closed phasewith zero aperture values between closing and opening
phases. Moreover, unlike the closing phase, the opening
phase happened in two stages; early opening with continuous
increase in palpebral aperture, corresponding to phase 3 and
late openingwith intermittent increase in aperture value, corre-
sponding to phase 4. It was observed that about 97 per cent of
the initial aperture value was recovered by the end of early
opening, phase 3 and the last 3 per cent recovery during the
late opening, phase 4. Averaging all the normalized palpebral
aperture values and the speed values at each time point
resulted in the aperture master curve (figure 2a) and the
speed master curve (figure 2b), respectively.
The aperture master curve (figure 2a) shows how the aper-
ture changed over time. It rapidly decreased until it reached
approximately 0 for the first 110 ms, then increased rapidly
but at a slower rate until 400 ms followed by a much slower
increase until it reached its original value. Unlike in the normal-
ized aperture scatter plot (figure 1a), the value never reached
zero because of the variation in the timing and the duration
of the closed phase between individuals. The speed master
curve (figure 2b) exhibits two parabolic curves; one for the clos-
ing phase and the other one for the opening phase. The curve
demonstrates that the upper eyelid accelerates until reaching
its maximum speed then decelerates during the closing or
opening action of the eye. The duration of one voluntary
blink was determined for each phase (figure 2c).
The closed phase and the late-opening phase had the short-
est and the longest duration with 58+4 ms and 273+23 ms,
respectively. Moreover, a considerable variation was observed
in the late-opening phase duration. Our video analysis showed
that one voluntary blink took 572+25 ms although only half
Ta
bl
e
1.
Co
m
pa
ris
on
of
th
e
pa
ra
m
et
er
s
fo
ra
vo
lu
nt
ar
y
bl
in
k.
Th
e
re
po
rte
d
va
lu
es
ar
e
eit
he
rm
ea
n+
s.d
.o
rm
ea
n+
s.e
.,
w
he
re
as
ou
rv
alu
es
ar
e
m
ea
n+
s.e
.;
am
p,
pa
lp
eb
ra
la
pe
rtu
re
;a
ve
.,
av
er
ag
e.
re
fe
re
nc
e
ye
ar
m
et
ho
d
nu
m
be
r
of
in
di
vi
du
al
s
pa
ra
m
et
er
s
ag
e
clo
sin
g
ph
as
e
op
en
in
g
ph
as
e
am
p
(m
m
)
pe
ak
sp
ee
d
(m
m
s–
1 )
av
e.
sp
ee
d
(m
m
s–
1 )
du
ra
tio
n
(m
s)
am
p
(m
m
)
pe
ak
sp
ee
d
(m
m
s–
1 )
av
e.
sp
ee
d
(m
m
s–
1 )
du
ra
tio
n
(m
s)
[4
]
20
09
th
re
e
in
fra
re
d
ca
m
er
as
(1
20
Hz
sa
m
pl
in
g
rat
e)
,f
ol
low
in
g
th
e
di
sp
lac
em
en
to
fa
m
ar
ke
r
ta
pe
d
on
th
e
up
pe
re
ye
lid
10
65
+
9
12
.4
+
0.
7
34
0+
25
70
.8
+
4.
3
12
+
0.
7
15
4+
11
16
8.5
+
15
.9
[5
]
20
03
ho
m
e
vid
eo
ca
m
er
a
(3
20

24
0
re
so
lu
tio
n;
60
fp
s
sa
m
pl
in
g
rat
e)
36
19

60
w
ith
av
e.
31
15
4+
45
74
+
22
12
5+
29
82
+
21
39
+
8
20
5+
32
[6
]
20
07
ho
m
e
vid
eo
ca
m
er
a
(6
40

48
0
re
so
lu
tio
n;
60
fp
s
sa
m
pl
in
g
rat
e)
72
16

76
w
ith
av
e.
47
.1
14
3+
60
52
+
22
21
4+
59
83
+
27
33
+
12
32
1+
71
[7
]
20
06
m
ag
ne
tic
se
ar
ch
co
il
te
ch
ni
qu
e
14
43

75
w
ith
av
e.
56
.2
10
.0
+
1.
1
28
5+
61
84
+
13
20
3+
50
[9
]
19
97
ele
ctr
om
ag
ne
tic
se
ar
ch
co
il
te
ch
ni
qu
e
(5
00
Hz
sa
m
pl
in
g
rat
e)
8
40

49
11
.7
+
1.
2
42
7+
30
71
.1
+
5.
1
11
.4
+
1.
1
16
5+
14
20
2.5
+
13
.3
8
50

59
10
.2
+
1.
4
32
9+
41
10
5.
7+
13
.8
9.
9 +
1.
4
14
3+
18
23
3.5
+
28
.6
8
60

69
10
.6
+
0.
7
34
9+
25
83
.1
+
8.
8
10
.3
+
0.
7
14
5+
12
20
5.6
+
8.
9
th
is
stu
dy
20
13
ph
an
to
m
hi
gh
-sp
ee
d
ca
m
er
a
(8
00

60
0
re
so
lu
tio
n;
60
0
fp
s
sa
m
pl
in
g
rat
e)
25
25

63
w
ith
av
e.
34
.7
+
1.
1
9.
83
+
0.
17
24
3+
9
13
4+
4
76
+
2
9.
83
+
0.
17
15
7+
5
26
+
2
43
8+
24 rsif.royalsocietypublishing.org
JR
SocInterface
10:20130227
4
 on August 22, 2014rsif.royalsocietypublishing.orgDownloaded from 
rsif.royalsocietypublishing.org
JR
SocInterface
10:20130227
5
 on August 22, 2014rsif.royalsocietypublishing.orgDownloaded from of the time (299+8 ms) was taken from the start of the blink to
97 per cent recovery of opening, i.e. from the closing to the
early-opening phase. This result suggests that the very last
half a millimetre of opening takes as much time as the time
taken to reach up to that point. The peak and average
speeds of blinking during the closing and opening action of
eye are represented in figure 2d. The peak speed reached
243+9 mm s21 and 157+5 mm s21 during the closing and
opening phase, respectively, whereas the average speed
was 134+4 mm s21 and 26+2 mm s21, respectively. These
results suggest that a voluntary blink exhibits a temporal
asymmetric pattern [2,8] with a much faster closing action
than opening action. This difference in dynamics reflects differ-
ences in muscle fibre physiology between the orbicularis
muscle, responsible for eyelid closure, and the levator palbeb-
rae superioris (LPS) muscle, responsible for eye opening. The
pretarsal orbicularis muscle consist of over 90 per cent fast-
twitch type I fibres, in contrast to the LPS, which has a much
lower proportion [14]. The blink parameters such as blinking
duration and peak and average speeds determined in this
study are compared with reported values (table 1). In general,
the values obtained in this study were similar to the reported
values apart from the opening-phase duration.While the open-
ing-phase duration ranged from about 200 to 320 ms, it was
measured to be about 440 ms in our study. This disparity
might be due to the difference in how researchers defined the
end of a voluntary blink or to the fact that these results were
for a voluntary blink, which is greatly influenced by individ-
uals as can be noted by the large variation in the reported
duration of the closing phase, ranging from 70 to 215 ms.
Several reports have been published on employing a
search coil technique to analyse blink motion [8–10]. How-
ever, this technique requires attaching fine wire coils of
2–6 mm in diameter onto a participant’s upper eyelids as
well as asking the participant to stay still in a weak magnetic
field during the recording. Moreover, the coil marker has
been reported to weigh from 20 to 160 mg, which might influ-
ence the blink kinematics and consequently the blink
parameters. A high-speed camera does not require such
devices, and hence it can be considered to be more con-
venient for both participants and researchers. Furthermore,
the relatively high palpebral aperture measurements [4,9]
may also reflect inaccuracies in measurement techniques
that involve attaching either tape or coils to the upper eyelid,
which may have only approximated the lid margin posi-
tion. In contrast, more accurate and reliable results could be
obtained from high-speed camera images as no extra eye
weight, which might affect the blink dynamics, is involved
and also the apparent palpebral aperture between the upper
and lower eyelids is measured on a sequential series ofimages, whereas the coil marker is usually attached about
1 mm above the lid margin. The sequential series of images
also meanmore information can be retrieved, thereby allowing
more detailed analysis of blink motion. These benefits of high-
speed camera imaging over a search coil can make it a more
attractive method to analyse eye blinking kinematics.4. Conclusions
The kinematics of one voluntary eye blink was studied using
a high-speed video camera recording at 600 frames per
second. The analysis of data recorded showed that one volun-
tary blink could be divided into four phases; closing phase,
closed phase, early-opening phase and late-opening phase
identified by the distinctive action of the upper eyelid. One
blink took 572+25 ms and was accompanied by asymmetric
motion with a much faster closing action compared with the
opening action of the eye. The peak speed was determined to
be approximately 250 mm s21 and 160 mm s21 during the
closing and opening phases, respectively, and the closed
phase and the late-opening phase took the shortest and long-
est time, respectively. Comparing the results in this study
with other reported findings demonstrates that the high-
speed camera technique provides highly reliable results and
its advantages over the other techniques can make it a more
attractive method to investigate the kinematics of a human
blink. This methodology has significant implications for
clinical research and practice, providing an experimental plat-
form to examine abnormalities of eyelid movement, such as
blepharospasm, thyroid eye disease and myopathic ptosis.
A further study is on-going with a higher number of vol-
unteers to allow for the correlation of blink characteristics
with age, gender and other clinical variables. In addition,
investigations comparing blink dynamics of healthy and
disease states are also on-going.
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